Abstract
Introduction
Cervical carcinoma is the main lethal malignancy affecting the female reproductive system. An estimated 70,000 deaths result from cervical carcinoma annually, and 500,000 cases are newly diagnosed each year [1] . Although therapeutic options have improved, the treatment of lymph node metastasis and locally advanced tumors remains a major challenge [2] . Moreover, recurrent disease develops in more than 70% of patients with lymph node metastasis but only approximately 10-20% of patients without advanced cervical carcinoma [3] . Therefore, identifying clinicopathological markers to predict lymph node metastasis and the development of malignant tumors may reveal potential therapeutic targets for cervical carcinoma.
One protein of increasing interest is survivin, a unique member of the inhibitor of apoptosis (IAP) protein family. Survivin is expressed in many malignant tumors, including those affecting lung, liver, breast and the gastrointestinal system [4] [5] [6] [7] , but is undetectable in nonproliferating adult tissues [8] . Survivin is considered a novel clinicopathological marker for numerous human malignant tumors. Moreover, survivin expression has been correlated with clinical outcome. During the G2/M phase of the cell cycle, survivin plays a crucial role in regulating cell division, overcoming the apoptotic checkpoint, and inhibiting caspase-3 and caspase-7 activity [9] [10] [11] [12] . Therefore, survivin inhibits apoptosis, enhances proliferation, and promotes angiogenesis [9, 11, 12] .
However, the clinicopathological features associated with survivin expression in cervical carcinoma remain controversial. To more precisely evaluate the relationship between survivin expression and clinicopathological outcome in cervical carcinoma, we conducted a meta-analysis of 11 published studies.
Methods

Literature search
The PubMed, EMBASE, and Web of Science databases were systematically searched for relevant studies until November 1, 2015. The following key words were used individually and in combination: "cervical cancer", "cervical carcinoma, " "cancer of cervix", and "survivin". The reference lists of the selected articles were reviewed to identify additional studies not found in the original search.
Inclusion and exclusion criteria
Two researchers reviewed the generated list of unique articles for studies that met the following inclusion criteria: 1) a study focus on the association between survivin and clinicopathological variables; (2) immunohistochemistry (IHC) or real-time PCR (RT-PCR) analysis to evaluate survivin expression in cervical carcinoma; (3) the use of odds ratios (ORs) with 95% confidence intervals (CIs) to analyze provided or extracted clinicopathological variables; (4) comparison of overall survival between different levels of expression of survivin in cervical cancer; (5) hazard ratio (HR) and 95% CI for overall survival according to survivin status were reported or could be computed from the data presented. In cases of overlapping patient cohorts presented over multiple studies, the study with the largest or most recent dataset was employed. The following studies were excluded: (1) letters, reviews, case reports, conference abstracts, or expert opinions; and (2) articles with insufficient information on clinicopathological variables.
author, publication year, country, detection method, cutoff value, tumor size, numbers of cases and controls, clinicopathological variables, antibody source, HR estimate.
Assessment of study quality
The Newcastle-Ottawa Scale (NOS) was used to evaluate the methodological quality of all included cohort studies [13] . Three grouping categories were used with the NOS: selection, comparability and exposure/outcome measurement. A study was awarded a maximum of one star for each numbered item within the selection and outcome categories and a maximum of two stars for comparability. The total number of stars was counted for each study, and studies with more stars were of higher methodological quality. A study could receive a maximum of nine stars.
Statistical analysis
We extracted and summarized data on survivin expression associated with cervical carcinoma from the included studies. Pooled estimates of ORs with 95% CIs were used to evaluate the associations between survivin expression and clinicopathological features of cervical cancer. To stratify the data for analysis, the survivin expression and clinicopathological parameter results were combined into single categories with comparable clinicopathological relevance. These categories included presence of lymph node metastasis, tumor FIGO stage (I+II vs. III+IV), tumor grade (G1+G2 vs. G3), tumor size (>4 vs. <4 cm), and presence of stromal involvement. The HR and 95% CI were used to estimate the impact of survivin expression on overall survival. HR and its variance for each individual study were extracted or calculated based on the published studies according to the methods described by Parmar [14] . Kaplan-Meier curves were read by Engauge Digitizer version 4.1 (http://digitizer. sourceforge.net/). Based on the chi-squared statistic Q, inter-study heterogeneity was assumed [15] in cases in which I 2 >50%, and ORs were pooled according to random-effects models. Alternatively, fixed-effects models were used. We conducted a sensitivity analysis to identify the summary effect estimate. In addition, Begg's funnel plots and Egger's test were used to statistically assess publication bias [16] . All statistical analyses were performed using Stata 13.0 (Stata Corporation, College Station, TX). A p-value less than 0.05 was considered statistically significant.
Results
Study selection and characteristics
A total of 282 potentially relevant studies were retrieved after the initial database search. Following title and abstract screening, 36 records were excluded due to duplication. Another 214 studies were excluded due to a lack of focus on cervical carcinoma, an absence of clinicopathological data, or not survival. After reading 32 full-text articles, 21 additional studies were excluded: 12 studies lacked sufficient data, 2 studies presented overlapping data, and 7 studies had data that could not be extracted. Overall, 11 studies were finally included in the meta-analysis (Fig 1) . The 11 included studies comprised a total of 865 patients. The majority of the cohorts were in Asia. The number of patients per study ranged from 41 to 142. The percentage of positive survivin expression ranged from 67% to 96%. Most of the included studies focused on stage I-IV cancer (n = 7). Nine studies utilized IHC, and 2 studies utilized RT-PCR. Survivin expression was evaluated in two tissue groups: squamous cell carcinoma (SCC) (n = 5) and SCC plus adenocarcinoma (ADC) (n = 6). The detected survivin expression was primarily localized to the cytoplasm of tumor cells (n = 8). In 3 studies, nuclear-localized expression was observed. The main characteristics of the included studies are presented in Table 1 .
Heterogeneity assessment and meta-analysis
Highly significant heterogeneity was detected when all eligible studies were pooled (chisquared = 35.73, I 2 = 72.0%, p<0.001). Based on the level of heterogeneity, a random-effects model was employed for statistical analysis. We also performed sensitivity analysis to explore the source of heterogeneity. We determined that one study, an investigation conducted by Lee [17] , was the main source of heterogeneity. After removing this study from our meta-analysis, the heterogeneity dropped from 72.0% to 28.0% with no significant changes in the combined effect and little change in the P value. This analysis confirmed the stability of our results, as shown in Table 2 . After excluding the indicated study by Lee J.P, a meta-analysis was performed on the remaining 10 studies. The pooled RR for the eligible studies was 0.132 (95% CI: 0.062-0.282, I 2 = 28% P<0.001). This finding suggests that survivin expression is significantly associated with cervical carcinoma (Fig 2) . Correlating survivin expression with clinicopathological parameters
We examined the relationship between high levels of survivin expression and clinicopathological features in patients with cervical carcinoma. Survivin expression was significantly correlated with lymph node metastasis (OR = 0.679, 95% CI: 0.509-0.905, P = 0.008) (Fig 3A) . However, survivin overexpression was not significantly associated with tumor FIGO stage (I+II vs. III+IV) (OR = 0.843, 95% CI: 0.626-1.137, P = 0.264) (Fig 3B) , tumor grade (G1+G2 vs. G3) (OR = 0.913, 95% CI: 0.689-1.210, P = 0.527) (Fig 3C) , tumor size (>4 cm vs.<4 cm) (OR = 0.825, 95% CI: 0.434-1.570, P = 0.559) (Fig 3D) , or stromal invasion (OR = 0.820, 95% CI: 0.545-1.233, P = 0.340) ( Fig  3E) . The associations between survivin expression and several clinicopathological parameters are shown in Fig 3 . An appropriate statistical model was selected to evaluate the combined data. We evaluated all clinicopathological variables for heterogeneity, including models of lymphatic metastasis, clinical stage, stromal involvement, tumor grade, and tumor size. The results are shown in Table 3 . The I 2 values were very low, indicating a lack of significant inter-study heterogeneity.
Furthermore, a significant P value (P = 0.008) was obtained only for lymph node status. This result suggests that survivin expression is significantly correlated with lymph node metastasis. No significant associations were observed between survivin expression and tumor grade (0.527), tumor FIGO stage (P = 0.264), tumor size (P = 0.559), or stromal involvement (P = 0.340).
Impact of survivin expression on overall survival of cervical carcinoma patients
Next, we evaluated the correlation between survivin expression and overall survival in a total of 238 patients from three eligible studies [18, 19, 21] . There was no significant heterogeneity among the three studies (chi-squared = 0.08, I 2 = 0%, P = 0.960), and thus a fixed-effects model was used in the meta-analysis. The pooled HR was 1.129 (95% CI: 0.597-1.661; P = 0.000), indicating that survivin expression was significantly associated with poor survival in cervical carcinoma compared to cancer tissues exhibiting no expression of survivin. (Fig 4) . To further investigate the relationship between survivin expression and overall survival, we performed one-way sensitivity analysis. The results indicated that none of the included studies had an influence on our pooled HR or induced heterogeneity (chi-squared = 0.08, I 2 = 0.0%, P = 0.960). Moreover, we performed subgroup analyses according to the technique used to detect survivin or the statistical method used to estimate the HR (Table 4) . Both the combined HRs of studies detecting survivin by PCR (HR 1.050, 95% CI 0.285-1.815, P = 0.001) or by IHC (HR 1.203; 95% CI 0.463-1.943, P = 0.007) and the summary HRs estimate using HR (HR for I-II, I-III, and I-IV, respectively. When we aggregated the studies according to survivin cutoff value, the pooled HR for the 5% cutoff value was 1.129 (95% CI: 0.597-1.661, P = 0.000). These results indicated that the expression of survivin remained associated with the survival of patients with cervical carcinoma.
Sensitivity analysis
We conducted a sensitivity analysis to analyze the studies with lower or lowest risk in the domain of selection bias, Sensitivity analysis indicated that the study by Lee J.P. [17] should be removed, and we then conducted the model again to determine the effect on the overall estimate. We observed that I 2 = 72.0% decreased to I 2 = 28.0%, with little change in the combined effect (Fig 5) . The pooled ORs were not greatly influenced. Thus the results were statistically stable.
test results showed no significant publication bias for lymph node status (P = 0.061), FIGO stage (P = 0.206), tumor grade (P = 0.779), tumor size (P = 0.317), or stromal involvement (P = 0.340). Furthermore, for the impact of overall survival, Egger's test results also showed no significant publication bias (P = 0.516). Based on these results, there was no evidence of publication bias.
Discussion
The use of survivin expression as a clinicopathological marker of malignancy has received increasing attention. Overexpression of survivin has been observed in esophageal, gastric and lung cancer tissues and represents a poor prognostic factor in these cancer patients [6, [28] [29] [30] . Survivin has also been recently associated with clinical stage, cervical intraepithelial neoplasia grade and lymph node metastasis in cervical cancer [21] . Survivin is re-expressed in most cancers and is associated with tumor aggression and decreased patient survival rates [31] , making it a potential target for inhibiting carcinoma progression. However, these conclusions must be confirmed in larger trials. In the current study, to evaluate the relationship between survivin expression and specific clinicopathological features of cervical carcinoma, we performed a meta-analysis of a large sample size. Our meta-analysis included 11 studies. The pooled ORs of these studies indicated that survivin is a clinicopathological marker in cervical carcinoma. Recently, several studies have revealed that survivin plays an important role in cervical tumorigenesis. Kim et al. showed that the survivin positivity significantly increased during cervical carcinogenesis, following a gradient from low-grade squamous intra-epithelial lesions to high-grade squamous epithelial lesions and squamous tumors [32] . These studies are consistent with our observations that survivin expression is higher in cervical cancer than in normal cervical tissues. We identified a significant association between survivin expression and lymph node metastases in patients with cervical carcinoma. Furthermore, no statistical relationship between survivin expression and other clinicopathological variables, such as stromal involvement, tumor stage, tumor size or FIGO stage, was observed. Our results are consistent with those of other studies evaluating the role of survivin as a clinicopathological marker in cervical carcinoma. For example, a report by Lu and colleagues showed that survivin overexpression is mainly related to lymph node metastasis [19] . Wu et al. reported that survivin was significantly correlated with clinical staging and lymph node metastases in cervical carcinoma [27] . This observation is best explained by the molecular mechanisms by which survivin promotes cellular proliferation, inhibits apoptosis, and increases angiogenesis [9, 11, 12] , which have been extensively explored in cancer cells. For instance, McKenzie et al. observed that survivin overexpression enhanced migration on fibronectin and invasion through Matrigel, whereas survivin knockdown under sub-apoptotic conditions blocked migration and invasion [33] . Kogo et al. also showed that YM155, a small-molecule survivin inhibitor, significantly suppressed tumor growth and lymph node metastasis in cervical cancer cells [34] .
The molecular mechanisms of survivin may also be partly attributable to the heterodimerization of survivin with its splice variants in tumor cells. The survivin gene has four dominant (1, 2, 3, and 4) and two hidden (2B and 3B) exons. Alternative splicing of its pre-mRNA produces four different mRNAs that encode four distinct proteins: survivin, survivin-2B, survivin4Ex3, and survivin-3B [34, 35] . Some of these splice variants are differentially expressed in various cancers and have been reported to correlate with clinical parameters, including outcome. In breast and thyroid cancers, survivin4Ex3 has been associated with invasion and malignancy [36, 37] . In gastric cancer, survivin-2B expression was significantly decreased in later tumor stage (III+IV) compared with early stage (I+II) and inversely correlated with tumor differentiation and invasion [38] . Moreover, although Krieg et al. indicated that survivin and survivin4Ex3 remained unchanged in different stages of cancer, Meng et al. showed that the expression level of survivin-4Ex3 was inversely correlated with the apoptotic index [39] . In addition, survivin-4Ex3 and survivin-2B may play opposing roles in tumor progression and/or tumorigenesis [40] . In our meta-analysis, the antibodies used in most studies do not discriminate between survivin isoforms, and thus the results may reflect increases in total survivin levels, including all known isoforms. Thus, more studies are needed to assess the prognostic significance of these results.
We also evaluated the correlation between survivin expression and overall survival in a total of 238 patients from three eligible studies. Survivin expression was significantly associated with poor survival in cervical carcinoma. Our analysis is supported by clinical observations that high survivin is associated with advanced disease, metastatic disease and poor prognosis in esophageal, gastric and lung carcinoma tissues [6, [28] [29] [30] . Werner et al. reported that high survivin expression was associated with advanced disease and poor prognosis in medullary thyroid carcinoma [41] . Kawasaki et al. reported that survivin expression was associated with reduced apoptotic index and significantly worse survival rates in colorectal carcinomas [42] . These observations all suggest that survivin is an independent prognostic factor.
Further, when stratifying the included HR data, we also observed significant associations between detection method, tumor type, cutoff value, histological type, and tumor stage. These results indicated that survivin expression was significantly associated with poor survival in cervical carcinoma. Our data indicate that although IHC was influenced by various factors, IHC (P = 0.007) and PCR (P = 0.001) are equally important for the analysis of survivin expression. With respect to tumor type and histological type characteristics, Hong et al. reported that primary tumors of ADC displayed a slower and a poorer response than those of SCC for patients treated with primary irradiation. Patients with ADC also had lower a 5-year disease-specific survival rate than those with SCC [43] . Consistent with our data, P-values were 0.000 and 0.039 in ADC and SCC, respectively. With respect to tumor stage, Cao et al. reported that survivin overexpression participates in the occurrence and development of cervical cancer. Survivin and clinical stage were independent prognostic factors in cervical cancer [20] . In summary, survivin overexpression is clearly associated with metastatic lymph node metastasis and poor prognosis in cervical carcinoma, and survivin may represent a therapeutic target in patients with cervical carcinoma.
Based on the above analysis, we believe that our results are robust. One study [17] was excluded from our meta-analysis due to significant heterogeneity, but the exclusion of this study produced no significant changes in the combined effect or P value of the meta-analysis. Collectively, the heterogeneity analysis, sensitivity analysis and assessment of publication bias produced robust and credible results.
However, several limitations of our study must be addressed. First, the cervical carcinoma patients in the included studies were of Asian descent. Whether the results are applicable to other races is unknown, and future studies should include other races. Second, the role of survivin within a cell can be affected by its subcellular location [44] . Suzuki et al. reported that cytoplasmic survivin-negative or a combination of nuclear survivin-positive and cytoplasmic survivin-negative was correlated with a favorable prognosis for local control in cervical squamous cell carcinoma patients treated with radiation therapy alone [45] . In our meta-analysis, the majority of included studies did not indicate whether survivin was expressed in the nucleus or cytoplasm; this lack of differentiation potentially affected the interpretation of the provided data. Third, the techniques used to detect survivin may have differed between the included studies. In the meta-analysis, IHC staining was used to assess survivin expression. Although IHC staining is a simple, effective method, its results are highly influenced by a variety of factors, such as the length of sample storage, antibody, fixation method for paraffin-embedded samples, and cutoff level for a positive signal [46] . Therefore, to avoid some selection bias, we included a methodological assessment of the studies. We determined that IHC and RT-PCR are equally important for the detection of survivin. Fourth, the survivin antibodies used in the included studies do not discriminate between survivin isoforms, so the results may reflect increases in total survivin levels. We suggest that these preliminary findings warrant further analyses in the future.
Despite the above limitations, our meta-analysis presents evidence that survivin overexpression is associated with metastatic lymph node metastasis and poor prognosis in cervical carcinoma. Therefore, survivin may be a therapeutic target for cervical carcinoma. However, larger clinical studies must be performed to more thoroughly investigate the precise clinicopathological features associated with survivin. 
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